A tumorigenic line of mouse cells transformed by the nononcogenic murine K papovavirus was established and characterized. Tumor-bearing animals produced antibody specific for K virus-transformed cells; the K virus T antiserum did not react with polyomavirus-transformed cells. Immunoprecipitation of the T antigen in the transformed cells revealed large T antigen (molecular weight 84,000). About 10 to 15 copies of K virus DNA were found to be integrated in the cellular DNA.
Mice are host to two distinct polyomaviruses, the K virus (KV), isolated by Kilham (6) , and the well-known polyomavirus. Biologically, the two viruses are quite different in their behavior. Although polyomavirus is highly oncogenic in mice and hamsters, KV does not produce tumors in experimental animals. It does, however, produce a fatal pneumonitis when inoculated into newborn mice. The two viruses are also very different from each other biochemically, and under stringent hybridization conditions, it has been shown that their genomes do not have common nucleotide sequences (2) .
Although KV is not oncogenic when inoculated into experimental animals, its capacity to transform mouse cells has been demonstrated (4, 11) . In our initial experiments (11) the KV-transformed cells produced tumors in newborn or Xirradiated mice; however, the tumors regressed when the animals became immunocompetent, and transplantable tumors were not established.
In an extension of these studies, a tumorigenic line of KVtransformed cells was established, and the cells were analyzed for the nature of the KV T antigens as well as for the presence of KV DNA sequences. The results are reported here.
To establish a tumorigenic line of KV-transformed cells, 106 transformed cells from a cloned cell line derived from the KV-infected lung cells of C57BL mice (11) was first inoculated subcutaneously into four weanling nude mice. Tumors appeared within 3 weeks, at which time a second tumor transplant was made in the nude mice. At the same time, newborn C57BL mice were also inoculated with 106 cells and observed for tumor growth. Although rapidly growing tumors appeared in the nude mice, no tumors developed in the C57BL mice throughout a 2-month period.
This procedure was followed through five tumor passages in the nude mice, and at each passage, tumors failed to develop in the newborn C57BL mice, although all the nude mice developed tumors. At the sixth transplant passage, however, tumors developed in both the nude and the C57BL mice. The KV tumor cells (referred to as K-C57-T1) thereafter grew readily in weanling C57BL mice, and these tumorbearing animals produced antibody specific for KV. The serum titers were relatively low, only 1:10 by the fluorescent antibody test, but the nuclear fluorescence was unequivocal (Fig. 1) . The KV T antibody failed to react with polyomavirus-transformed hamster cells, confirming previous obser-vations that the T antigens of polyomavirus and KV are immunologically different (2, 11) . K-C57-T1 cells were also reacted with hamster serum prepared against sodium dodecyl sulfate-disrupted simian virus 40 (SV40) virions. Fluorescent antibody tests with this broad-reaction antiserum were negative, proving that the cells were not synthesizing virus structural proteins.
The size of the KV T antigen was analyzed by immunoprecipitation methods.
[35S]methionine-labeled K-C57-T1 cell extracts were immunoprecipitated with KV-infected hamster antiserum and electrophoresed in sodium dodecyl sulfate-polyacrylamide gels. The hamster serum was prepared by inoculating hamsters with KV and bleeding the animals 2 months later. This serum had a much higher anti-T titer than the mouse antiserum did and was therefore used for the immunoprecipitation experiments. For comparison, an SV40-transformed human cell line (WI-18 Va2) was similarly labeled with [35S]methionine, and extracts were prepared and immunoprecipitated with SV40 T antiserum. The KV antiserum specifically precipitated a protein of molecular weight 84,000 (84K) (Fig. 2) . A heavy 46K protein band was also immunoprecipitated (Fig. 2) . It is possible that this 46K protein may correspond to the 53K cellular protein found in SV40-transformed cells. Further studies are necessary to prove this. We therefore think that the 84K protein is the large T antigen of KV. Proteins corresponding to the middle and small T antigens of polyomavirus were not detected. The large T antigen of KV was smaller than that of SV40 (Fig. 1) . This may be because the KV genome is smaller than that of SV40 (2) .
The presence of KV DNA in tumor cells was tested for by preparing total cellular DNA from K-C57-T1 cells by the method of Blin and Stafford (1). After digestion with restriction endonucleases (Bethesda Research Laboratories), the DNA (10 ,ug) was loaded onto a 1% agarose slab gel and electrophoresed at 20°C and 7.2 V/cm for 4 h in Tris-borate-EDTA buffer (89 mM Tris, 89 mM boric acid [pH 8.2], 1 mM EDTA). The DNA in the gel was transferred to a nitrocellulose filter by the method of Southern (10) . The DNA on the filter was hybridized with 4 x 107 cpm of 32P-labeled KV DNA as the probe (specific activity, 108 cpm,/,g). The viral probe was prepared by nick-translation (9) washed with 0.1 x SSC-0.1% sodium lauryl sulfate at 68°C. The autoradiogram was exposed with intensifying screens at -70°C for 48 h (Fig. 3) Kessler (5) . The immunoprecipitates were electrophoresed in a 12.5% sodium dodecyl sulfate-polyacrylamide gel (7) and fluorographed by the method of Bonner and Lasky (3). T, T antiserum; N, normal hamster serum; M, molecular weight markers. cellular DNA fragments. BamHI-digested total DNA gave rise to two bands (Fig. 3, lane 5) , migrating with highmolecular-weight cellular DNA fragments. Because of its very high molecular weight, the larger band remained near the origin. The second band was larger than 30 kilobase pairs (kbp). These results indicated that KV DNA was integrated into cellular DNA at two different sites. Cleavage with PstI, which cleaves KV DNA once (8) (Fig. 3, lanes 1, 4, (Fig. 3, lane 2) . This result supported the interpretation that integrated KV DNA consisted of tamdemly repeated full-length KV DNA. BglI cleaves KV DNA at two sites and generates 2.9-and 2.1-kbp fragments (8) . These two fragments were detected after digestion of the DNA with BglI; a prominent 5.1-kbp band and three bands of integrated viral DNA with flanking cellular sequences were also observed. One possible interpretation of this result is that a BglI cleavage site was lost in the KV DNA during integration and transformation. The 2.1-kbp band was less intense than the 2.9-kbp band; this suggested that KV DNA may be integrated in the BglI 2.1-kbp fragment within the late region of the KV genome.
These experiments have established that although KV has not been shown to be oncogenic in experimental animals, it can transform cells in culture and that the transformed cells possess all the properties common to cells transformed by other papovaviruses. Thus, we have clearly shown the following: (i) KV-transformed cells are tumorigenic for syngeneic animals, and specific T antibody is produced in tumor-bearing animals; (ii) KV-transformed cells contain large (84K) T antigen; and (iii) multiple copies of KV DNA are integrated in cellular chromosomes.
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